The downside risk CAPM (DR-CAPM) can price the cross-section of currency returns. The difference in market-beta between high and low interest rate currencies is higher conditional on bad market returns, when the market price of risk is also high, than it is conditional on good market returns. Correctly accounting for this variation is crucial for the empirical performance of the model. The DR-CAPM can jointly explain the cross-section of equity, commodity, government bond and currency returns thus offering a unified risk view of these asset classes.
Foreign exchange is a potentially risky investment and whether currency returns are explained by their association with risk factors is an ongoing debate. We find that the cross section of currency returns can be explained by a risk model where investors are concerned about downside risk. High yield currencies earn higher excess returns than low yield currencies because their co-movement with aggregate market returns is stronger conditional on bad market returns than it is conditional on good market returns. We find that this feature of the data is characteristic not only of currencies but also of equities, commodities and sovereign bonds, thus providing a unified risk view of these markets.
The carry trade in foreign exchange consists of investing in high yield currencies while funding the trade in low yield currencies. This trading strategy has historically yielded positive returns because returns on high yield currencies are higher than returns on low yield currencies. A number of explanations for this cross-sectional dispersion have been advanced in the literature, varying from risk based to behavioral.
We provide a risk-based explanation by showing that the downside risk capital asset pricing model (DR-CAPM) prices the cross section of currency returns. We follow Ang, Chen, and Xing (2006) , that studies equity markets, by allowing both the market price of risk and the beta of currencies with the market to change conditional on the aggregate market return. Intuitively the model captures the changes in correlation between the carry trade and the aggregate market returns: the carry trade is more correlated with the market during market downturns than it is during upturns.
Correctly capturing the variation in betas and prices of risk is crucial to the empirical performance of the DR-CAPM. It also makes clear why the unconditional CAPM does not explain the cross section of currency returns. While high yield currencies have higher betas than lower yield currencies, the difference in betas is too small to account for the observed spread in currency returns.
We extend our results on currencies by testing the performance of the DR-CAPM jointly on currencies, equities, commodities and fixed income. The variation in betas and prices of risk in the DR-CAPM can jointly explain the cross sectional returns of these asset classes. Our findings provide a unified risk view of asset pricing and improve on existing risk-based models of currency returns that fail to price other asset classes. Lustig and Verdelhan (2007) provides an explanation for the cross section of currency returns based on the Consumption CAPM (C-CAPM). Burnside (2011b) and Lustig and Verdelhan (2011) discuss the association of currency returns with consumption growth.
Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011); Burnside, Eichenbaum, and Rebelo (2011, 2009); Burnside, Han, Hirshleifer, and Wang (2011) focus on explanations of the carry trade such as investor overconfidence and peso problems. Lustig, Roussanov, and Verdelhan (2011) provides a model employing the principal component analysis of currency returns. They show that currencies that load more heavily on the first two principal components, a dollar and carry trade factors, earn higher excess returns on average. Menkhoff, Sarno, Schmeling, and Schrimpf (2011) links the carry trade factor to exchange rate volatility.
Our contribution to the literature is to provide an explanation of currency returns based on the conditional association of currency returns with a traditional risk factor, the market return. We not only reconcile our findings with the more statistical factors used in the literature, but also extend the previous results by jointly testing our model on currencies, equities, commodities and fixed income. The robustness of our results across asset classes not only confirms that currencies are indeed affected by aggregate risk, but also that the same risk factors drive expected returns in these different markets. We view our results as a step in the research agenda aiming to reconcile the discount factors in different asset classes emphasized by Cochrane (2011) .
In a separate online appendix we provide a number of details, robustness checks, and extensions of our results that are omitted in the main body of the paper.
I Carry Trade and Market Returns
We follow the empirical model of Ang et al. (2006) in allowing a differentiation in upside and downside beta. This captures the idea that assets that have a higher beta with market returns conditional on low realization of the market return are particularly risky. Ang et al. (2006) motivate this insight using the disappointment aversion model of Gul (1991) .
However, downside-risk aversion is also a feature of models with wealth constraints, where the agent is particularly concerned about the performance of assets once her aggregate wealth is below a threshold, which may or may not be endogenous.
To capture the relative importance of upside and downside risk we propose that expected returns follow:
βì " covpr i , r m |r m ą µq varpr m |r m ą µq ,
where r i is the log excess return of asset i over the risk-free rate, r m is the log market excess return, βì and βí are the upside and downside beta defined by an exogenous threshold µ on the market return, and λ`and λ´are the prices of risk for the upside and downside risk, respectively.
This empirical framework is flexible in allowing variations both in the quantity and the price of risk while maintaining a parsimonious parametrization with a single threshold µ.
Note that the model restricts the sum of the prices of risk to equal the expected market excess return:
because both the upside and downside beta of the market with itself are equal to 1.
A. Data
We use the bilateral currency returns dataset in Maggiori (2011); details of the data are included in the online appendix and in the original reference. The data are monthly, from January 1974 to March 2010, and cover 53 currencies. We follow Lustig and Verdelhan (2007) in defining a cross section of currency returns based on their interest rate. We sort currencies into 6 portfolios, in ascending order of their respective interest rates.
Since the dataset includes currencies for which the corresponding country has undergone periods of extremely high inflation, we split the sixth portfolio into two baskets:
6A and 6B. Portfolio 6B includes currencies that belong to portfolio 6 and that have annualized inflation at least 10% higher than US inflation in the same month.
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In our robustness checks we also use an alternative sorting that only includes developed countries' currencies.
2 In this case we sort the currencies into 5 rather than 6 baskets, to take into account the overall reduced number of currencies.
We calculate one-month real-dollar bilateral log excess returns r t`1 as the sum of the interest differential and the rate of exchange rate depreciation of each currency with the US dollar:
where i˚and i are the foreign and US interest rate, and s t is log spot exchange rate expressed in foreign currency per US dollar. Figure 1 shows that the sorting determines a monotonic increase in returns from portfolios 1 to 6. Further descriptive statistics are reported in Table 1 . Portfolios 6A and 6B highlight the very different behavior of high inflation currencies. The standard deviation of returns for portfolio 6B is almost double that of all other baskets. Bansal and Dahlquist (2000) notes that the uncovered interest parity condition cannot be rejected for these currencies. These findings and the general concern about the effective tradability of these currencies during periods of economic turmoil lead us to present our benchmark results using only basket 6A and to provide robustness checks including both basket 6 and 6B in the online appendix.
For our benchmark results on the cross section of equity returns we use the Fama French 6 portfolios sorted by book-to-market and size for the period from January 1974
to March 2010. As a robustness check we also build equity portfolios based on their sensitivity to the carry trade factor. Starting in January 1979, we sort the constituents of the S&P500 into 6 portfolios based on their beta with the carry trade factor for developed 1 We view our results excluding the high inflation currencies as conservative since these noisy observations are eliminated. Our results are robust to different threshold levels or to the inclusion of all the currencies in the 6th portfolio. The inflation data for all countries is from the IMF International Financial Statistics.
2 A country is considered developed if it is included in the MSCI World Equity Index.
countries measured over the previous 60 months. Portfolio 1 contains the stocks with the lowest sensitivities. We rebalance portfolios on a monthly basis and exclude financial firms and all firms for which we have less than 24 return observations. The resulting sample period is from January 1979 to December 2009.
For the cross section of commodity returns we use the 5 commodity-futures portfolios sorted by the commodity basis for the period from January 1974 to December 2008
by Yang (2010) . For the cross section of sovereign bonds we use the 6 sovereign-bond portfolios sorted by the probability of default and bond beta for the period from January 1995 to March 2010 by Borri and Verdelhan (2011) . For the aggregate equity market we use the value-weighted CRSP US equity market log excess return for the period January 1974 to March 2010. 3 Thresholds of the sample average minus 0.5 or 1.5 standard deviations assign 118 observations and 27 observations to the downstate respectively. Table 3 shows that the carry trade is unconditionally positively correlated with market returns. The correlation is 0.14 and statistically significant for our benchmark sample and robust to the exclusion of emerging markets or to various thresholds of inflation for the basket 6B. The table also shows that most of the unconditional correlation is due to the downstate: conditional on the downstate the correlation increases to 0.33, while it is only 0.03 in the upstate. 
II Econometric Model
We estimate the model in (1) with the two-stage procedure of Fama and MacBeth (1973) .
In our model the first stage consists of two time-series regressions, one for the upstate and one for the downstate. These regressions produce point estimates for the upstate and downstate betas,β`andβ´, which are then used as explanatory variables in the second stage. The second-stage regression is a cross-sectional regression of the average return of the assets on the upstate and downstate betas.
Formally the first-stage regressions are:
wherer m and σ rm are the sample average and standard deviation of the market return, respectively. The second-stage regression is given by:
wherer i is the test asset average return. Notice that by not including a constant in the second-stage regression we are imposing that an asset with zero beta with the risk factors has a zero excess return.
III Empirical Results
We find that while CAPM shows that currency returns are associated with market risk, it cannot fully explain the cross section of currency returns because the CAPM beta is not a sufficient statistic for the cross sectional dispersion in returns.
The left panel of Figure 3 shows that average currency returns are strongly related to the downstate beta. While this finding supports the importance of downside risk for currency returns, it is not per se evidence of a failure of CAPM because currencies that have a higher downstate beta could have a higher CAPM beta overall.
However, the right panel of Figure 3 shows that the relative beta, the difference between up and downstate beta, is also associated with contemporaneous returns.
Currencies that have higher downstate than upstate beta are on average riskier and earn higher excess returns. We show in our benchmark regressions that this state dependency is not fully captured by the CAPM beta. Figure 4 and Table 4 illustrate both the failure of CAPM and the performance of the DR-CAPM. Since higher yield currencies have higher CAPM beta, they earn a higher return on average. However, the CAPM beta does not fully capture the risk-return tradeoff: the spread in betas is too small to account for the spread in currency returns.
The failure is evident in the first column of Table 4 , where the estimated CAPM price of risk is 2.45% per month, implying an implausibly high annualized average market return of over 25%. Similarly, CAPM fails once the market portfolio, in addition to the currency portfolios, is added to the test assets, as reported in the third column of Table 4 The robustness of the estimates of the prices of risk can be assessed by imposing the theoretical restriction that the market portfolio is exactly priced as in (2). 4 Accordingly,
we also estimate the model by restricting the second-stage regression in (6) to follow:
The last column in Table 4 shows that the restriction is respected in sample. The point estimates and the standard error for the downstate price of risk are effectively unchanged from their unrestricted counterparts.
The conditional association of asset returns and the market portfolio and the variation in prices of risk is not unique to currencies and is, in fact, shared by other asset classes.
Providing a unified risk-based treatment of expected returns across asset classes is both informative from a theoretical perspective and an important check of the empirical performance of theoretical models.
We investigate whether the DR-CAPM can jointly explain the cross section of currency and equity returns. We add the 6 Fama and French portfolios sorted on book-to-market and size to the currency and market portfolios as test assets. Figure   5 and Table 5 show that the DR-CAPM jointly explains these returns. The estimated prices of risk are consistent across asset classes and the model explains 70% of the observed variation in returns. Lewellen et al. (2010) raise the concern that when test assets are characterized by a strong factor structure even a mis-specified model would fit the data as long as its factors were weakly correlated with those of the true model. While previous studies have shown that both the Fama & French portfolios and the interest-rate-sorted currency portfolios have factor structures, we stress that a natural check in our analysis against the above concern is that we constrain the model to jointly explain both the currency and equity factor structure. Nonetheless, we perform a further robustness check by introducing equity portfolios sorted by sensitivity to the carry trade return. Table 2 Panel B shows that this sorting does not produce a spread in returns. Figure 5 and Table 5 show that the DR-CAPM explanatory power survives the inclusion of these portfolios.
A close analog to the currency carry trade is the basis trade in the commodity market. The basis is the difference between the futures price and the spot price of a commodity. Among others, Yang (2010) shows that commodities with a lower basis earn higher expected returns (see Table 2 Panel C). We extend our results by adding the commodity portfolios to the currency and equity portfolios. Figure 6 and Table 6 show that the same economic phenomenon, the conditional variation of the quantity and price of market risk, underlies the variation in expected returns in the commodity market.
Finally we investigate whether fixed income, and in particular sovereign bonds, are priced by the DR-CAPM. We use the cross-sectional sorting of sovereign bonds according to default probability and market beta in Borri and Verdelhan (2011) . Figure 7 and Table 7 confirm yet again the ability of the DR-CAPM to price multiple asset classes.
An important caveat in this case is that the data of Borri and Verdelhan (2011) are only available over a relatively short sample period (January 1995 to March 2010), thus limiting the number of observations, particularly for our downstate. The shorter sample produces noisier estimates of the prices of risk and different point estimates overall from our full sample.
IV Robustness
An important verification of our results is to confirm the association of currency returns with downside market risk. In Table 8 we provide the first-stage estimates of the unconditional CAPM betas as well as the upstate and downstate betas for the six currency portfolios. The CAPM betas are increasing from portfolio 1 to 6 and statistically different from zero. We provide both OLS and bootstrapped standard errors. 5 The upside betas provide a similar qualitative description of the data. The downstate betas highlight the central mechanism of the DR-CAPM: conditional on below-threshold market returns, high yield currencies (portfolio 6A) are more strongly related to market risk than low yield currencies (portfolio 1). In fact, we find that while the downside beta of portfolio 6A is larger than its upside beta, the opposite is true for portfolio 1.
Splitting the sample into upstate and downstate picks up the conditional variation in currencies' association with market risk, but also reduces the variation available in each subsample to estimate the betas. Therefore, the standard errors of the first-stage regressions for the DR-CAPM are wider than those of CAPM. We perform a number of robustness checks of our first-stage estimates and their impact on the second-stage estimates.
We perform two bootstrap tests to check the robustness of the main driver of our results: the different conditional association of high yield and low yield currencies with the market factor. We first test whether in the downstate high yield currencies are more associated with market risk than low yield currencies under the null hypothesis that β6 Aβ1 " 0. We then test whether the different loading on risk of high and low yield currencies varies across the two states under the null hypothesis that pβ6 A´β1 q´pβ6 A´β1 q " 0.
Figures 8-9 show that both nulls are strongly rejected with p-values of 0.0024 and 0.0083, respectively, thus yielding statistical support for our main economic mechanism.
A second robustness check is to mitigate the concern that our second-stage regression employs potentially weak estimated regressors from the first stage. Table 9 reports the first-stage estimates for the 6 Fama and French equity portfolios. Since these equity portfolios have a strong association with the overall equity market, the betas are very precisely estimated even for the downstate. We then use the prices of risk estimated using only these equity portfolios to fit the cross section of currencies. Table 10 reports that the DR-CAPM can still explain 66% of the observed variation in currency returns.
Potential sources of concern about the reliability of our currency returns are sovereign default and international capital restrictions. To alleviate these concerns, we test the DR-CAPM on a the subsample of developed countries' currencies. Figure 10 and Table   11 show that the model performs equally well on these portfolios. The prices of risk are, in absolute value, larger than those estimated in the full sample and the R 2 are around 87%.
In Figure 11 and Table 12 we verify that our results are not altered by reasonable variations in the threshold for the downstate. We vary our benchmark threshold for the market return of 1 standard deviation below its sample mean to 0.5 and 1.5 standard deviations. In both cases we observe a consistent performance of the model.
Finally, we verify the sensitivity of our results to different thresholds for excluding currencies with high inflation. We vary the inflation threshold from our benchmark of 10% above the annualized inflation of the US to 5% and 15%. Figure 12 and Table 13 show that the lower threshold produces higher but noisier estimates of the price of risk compared to the higher threshold. In both cases, however, the prices of risk are statistically significant and the R 2 are around 80%.
Further robustness checks are included in the online appendix.
V Other models of currency returns
The literature has produced a number of currency models. Among these models, we analysis in LVR. They show that the strong factor structure of currency returns can be summarized by a level and slope factor. We reconcile this evidence with a traditional risk factor, the market return, by showing that upside or normal risk is similar to a level factor since currencies have relatively similar loadings β`, while downside risk is similar to a slope factor on which high yield currencies load more heavily than low yield currencies pβ´q. Table 14 summarizes the performance of the models cited above on our sample.
Consistent with the previous evidence we find that both the C-CAPM and the LVR model fit the cross section of currency returns.
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We find that the performance of these currency risk models deteriorates once other asset classes are included. Burnside (2011a), for example, noted their inability to price the equity markets. We confirm and extend these results to other asset classes in Tables 14-15 that show that the R 2 s decrease most often to below 20% and the market prices of risk are in many cases not statistically significant.
The failure of asset-class specific models to price other asset classes is not unique to these models and has induced a search for segmented theoretical models that could explain why different stochastic discount factors are needed to price different asset classes.
We view our DR-CAPM results as suggesting that a unified view of risk markets is still possible and as a first step in the research agenda aiming to reconcile the different discount factors set out by Cochrane (2011) .
VI Conclusion
We find that currency returns are associated with aggregate market risk, thus supporting a risk-based view of international markets. However, we find that the unconditional CAPM cannot explain the cross section of currency returns because the currency beta is not a sufficient statistic for its expected return. The downside risk CAPM (DR-CAPM) explains currency returns because the difference in beta between high and yielding currencies is higher conditional on bad market returns, when the market price of risk is also high, than it is conditional on good market returns.
We also find that the DR-CAPM can jointly explain the cross section of currencies, equity, commodities and fixed income returns. We view our results as not only confirming the empirical performance of the model but also as a first step in reconciling discount factors across asset classes. 
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Risk-return relations for six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US. High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has annualized monthly inflation 10% higher than US inflation. The left and right panels plot the realized mean excess-return versus the downside betas pβ´q and the relative betas pβ`´β´q respectively. The sample period is January 1974 to March 2010 for a total of 435 observations. 
Student Version of MATLAB
Annualized mean excess-returns versus the predicted excess-returns in percent for the unconditional CAPM in the left panels and the downside risk CAPM (DR-CAPM) in the right panels. Six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US. The sample period is January 1974 to March 2010 for a total of 435 observations. The bottom panels include the market excess-return as a test asset (labelled 0). High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has annualized monthly inflation 10% higher than US inflation. 
Annualized mean excess-returns versus the predicted excess-returns in percent for the unconditional CAPM in the left panels and the downside risk CAPM (DR-CAPM) in the right panels. Six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US as well as six stock portfolios (7-12). The market excess-return is included as a test asset (labelled 0). The top panels use the six Fama & French portfolios sorted on size and book-to-market. The bottom panels use portfolios of the constituents of the S&P500 monthly re-sampled based on their sensitivity with respect to the carry trade factor for developed countries. The sample period is January 1974 to March 2010 for a total of 435 observations in the upper panels and Jan 1979 to December 2009 for a total of 372 observations in the lower panels. High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has annualized monthly inflation 10% higher than US inflation. 
This figure plots the annualized mean excess-returns versus the predicted excess-returns in percent for the unconditional CAPM in the left panel and the downside risk CAPM (DR-CAPM) in the right panels for six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US, five commodity futures portfolios monthly re-sampled based on basis (7-11) as well as six Fama & French portfolios sorted on size and book-to-market (12-17). The market excess-return is included as a test asset (labelled 0). The sample period is January 1974 to December 2008 for a total of 420 observations. High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has an annualized monthly inflation of 10% higher than the US. 
This figure plots the annualized mean excess-returns versus the predicted excess-returns in percent for the unconditional CAPM in the left panel and the downside risk CAPM (DR-CAPM) in the right panels for six currency portfolios (labelled 1-6A), monthly re-sampled based on the interest rate differential with the US, six sovereign bond portfolios monthly re-sampled based on their probability of default and bond beta (7-12) as well as six Fama & French portfolios sorted on size and book-to-market (13-18). The market excess-return is included as a test asset (labelled 0). The sample period is January 1995 to March 2010 for a total of 183 observations. High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has an annualized monthly inflation of 10% higher than the US. 
Bootstrapped distribution of the difference in downstate betas of the last and first currency portfolios, β6 A´β1 . We employ a smoothed bootstrap scheme consisting of resampling empirical residuals and adding zero centered normally distributed noise using 20,000 iterations. 
Bootstrapped distribution of the difference in downstate minus upstate betas of the last and first currency portfolios, (β6 A´β1 ) -(β6 A´β1 ). We employ a smoothed bootstrap scheme consisting of resampling empirical residuals and adding zero centered normally distributed noise using 20,000 iterations. 
Currencies Market
Annualized mean excess-returns versus the predicted excess-returns in percent for the downside risk CAPM (DR-CAPM) for six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US. The sample period is January 1974 to March 2010 for a total of 435 observations. The market excess-return is included as a test asset (labelled 0). High inflation countries in the last portfolio are excluded. A country is considered to have high inflation if it has annualized monthly inflation 10% higher than US inflation. In the left (right) panel, downstates are all months in which the market return is more than 1.5 (0.5) standard deviations below its sample mean. 
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Annualized mean excess-returns versus the predicted excess-returns in percent for the downside risk CAPM (DR-CAPM) for six currency portfolios (1-6A), monthly re-sampled based on the interest rate differential with the US. The sample period is January 1974 to March 2010 for a total of 435 observations. The market excess-return is included as a test asset (labelled 0). High inflation countries in the last portfolio are excluded. In the left (right) panel, a country is considered to have high inflation if it has annualized monthly inflation 5% (15%) higher than US inflation. The market return is included as a test asset. The leftmost four columns consider six portfolios of developed and emerging countries, the center four columns add 6 stock portfolios and the rightmost four columns consider five portfolios of developed countries only. For the estimates including equity portfolios the table reports both the six Fama & French portfolios sorted on size and book-to-market and 6 portfolios of the constituents of the S&P500 monthly re-sampled based on their sensitivity with respect to the carry trade factor for developed countries. The sample period is January 1974 to March 2010 for a total of 435 observations in all columns but for the estimates that employ the carry-trade-sensitivity equity portfolios for which the sample period is January 1979 to December 2009 for a total of 372 observations. The market returns is included as test asset when indicated. 
